Hemophagocytic lymphohistiocytosis (HLH) is a syndrome of severe immune activation with macrophage and Tcell infiltration resulting in, multi organ damage. HLH may be primary or secondary in etiology. A high index of suspicion is essential for early diagnosis and treatment. Diagnostic criteria need to be refined and newer treatment options to be explored in order to improve survival especially in adult HLH and malignancy-associated HLH (M-HLH). We report a case of malignancy associated HLH (M-HLH) in adult treated on one of the only FDA-approved protocols for adult HLH to highlight the diagnostic and therapeutic challenges of this disease entity.
Background
Hemophagocytic lymphohistiocytosis (HLH) is a syndrome of severe immune activation and deregulation characterized by hyperactive macrophages and lymphocytes, pro-inflammatory cytokine hypersecretion, hemophagocytosis, and organ damage. HLH can be primary (genetic) presenting in children [1] or secondary to malignancy, infections and rheumatologic disorders (macrophage activation syndrome) [2] [3] [4] . In addition to a high index of suspicion leading to early diagnosis and intervention there remains a need to refine current diagnostic criteria and treatment options [5] . We report a case of malignancy-associated hemophagocytic lymphohistiocytosis (M-HLH) treated on an FDA-approved protocol to highlight the diagnostic and therapeutic challenges of this disease entity in adults.
Clinical case
Our patient is a 25-year-old male with history of recurrent hospital admissions since 2010 for a constellation of constitutional symptoms, generalized skin rash, respiratory or gastrointestinal infections indicating potential underlying infectious or an immunological disorder. Despite of extensive laboratory tests and imaging studies done periodically, a definitive diagnosis could not be reached. In February 2015 he presented at UT MD Anderson Cancer Center (UTMDACC) with fever, skin lesions including multiple erythematous and crusted papules, eschar and large necrotic plaques, weight loss and disseminated lymphadenopathy. Axillary lymph node and skin punch biopsies demonstrated a cutaneous T-cell lymphoma with cytotoxic featuresgamma-delta positive. PET-CT demonstrated extensive disease in the skin and sub-cutaneous soft-tissue. Bone marrow was not involved by lymphoma. He received 4 cycles of cyclophosphamide, hydroxydaunorubicin, vincristine (Oncovin), etoposide and prednisone (CHOEP) and had partial response with significant decrease in bulk and activity of skin lesions per follow up PET-CT. He progressed approximately one month later with new skin lesions, FDG-avid on PET and was treated with 2 cycles of dexamethasone, high-dose cytarabine, cisplatin (DHAP) chemotherapy with a partial response again per PET. He was supposed to proceed for allogenic stem cell transplant from matched related donor (sister) but developed severe weakness and in September 2015 was admitted with severe fatigue, fever, diarrhea and new onset confusion. He was hypotensive and had decreased oxygen saturation on presentation in ER. Clinical examination revealed a skin rash with tiny, clear, non-pruritic pustules on bilateral upper extremities, hepato-splenomegaly (16 cm spleen on ultrasound). CBC revealed Hb 8. Due to neutropenia and recent chemotherapy, he was empirically treated for septicemia. He did not have clinical improvement and developed one episode of tonic clonic seizures during admission. MRI of brain revealed right cerebral hemisphere edema with mass effect, midline shift to left, and right uncal herniation and a focus of hemorrhage and edema in the left anterior capsule and caudate (Fig. 1) . Stereotactic brain biopsy of right parieto-occipital lobe was consistent with encephalitis. Microbiological cultures were negative. His CSF was negative for malignant cells, but revealed lymphocytic pleocytosis. He received anticonvulsants in addition to conservative management for raised intracranial pressure. PET-CT showed low SUV positivity in some cutaneous, buccal and pulmonary areas likely infectious vs residual disease. A punch biopsy of a cutaneous lesion and lymph node were negative for lymphoma. Bone marrow biopsy showed no evidence of lymphoma and demonstrated increased histiocytes and hemophagocytosis (Fig. 2) . Flow cytometric immune phenotyping demonstrated increased CD56 NK-cells and decreased CD4:CD8 ratio of 0.2:1 suggestive of possibility of HLH. Inflammatory markers associated with HLH were obtained: IL-2R 7380 pg/mL (≤ 12 pg/mL), TNF alpha 6.8 pg/mL (1.2-15.3 pg/mL), IL-6 b 5 pg/mL (≤ 5 pg/mL), IL-10 1.7 pg/mL (b2.0 pg/mL). The clinical symptoms and signs coupled with laboratory parameters, confirmed a diagnosis of HLH fulfilling seven out of eight HLH-2004 criteria as well as N7 features on the extended HLH diagnostic criteria for M-HLH in adults proposed recently by Tamamyam et al. [5] . An extensive work up for infectious, immunological and lymphoma etiology were negative ( 
Discussion
Adult HLH is a rare and almost universally fatal disease entity without treatment with published median survival of 1.8-2.2 months. Its incidence is uncertain, as the diagnosis is difficult to make due to poor recognition, low index of suspicion, and lack of definitive diagnostic criteria. Diagnostic and treatment approaches are extrapolations from retrospective databases and clinical trials in childhood HLH. These knowledge gaps have led to under-diagnosis and delayed diagnosis with poor outcomes [3, 4, 6] . Traditional diagnostic criteria (HLH-2004) require one or both of the following: (i) molecular diagnosis consistent with HLH (familial type), (ii) 5 out of 8 diagnostic criteria, including fever, cytopenias (affecting two or more lineages), splenomegaly, hypertriglyceridemia, hypofibrinogenemia, elevated ferritin, elevated IL-2R (soluble CD-25), hemophagocytosis in bone marrow, spleen or lymph nodes, low or absent NK cell activity [7] . Further studies and expert opinions suggest that additional clinical and laboratory features may be useful diagnostic tools. We have developed and validated 18-variable extended diagnostic criteria to identify M-HLH in adults [5] . Adding laboratory variables that are more easily available than in HLH-2004 appeared to be a good surrogate and may allow us to consider a diagnosis of M-HLH at an earlier stage with greater sensitivity.
Adult HLH is frequently a secondary process incited by an underlying inflammatory disorder, infections, immunological disorder or malignancy that may need to be treated concurrently for a favorable outcome. A study of 62 adult HLH patients reported malignancies (52%), infections (34%), autoimmune disorders (8%), idiopathic (6%) as underlying disorders and among malignancies, 59% were T-cell lymphomas and 19% were diffuse large B-cell lymphomas [8] . Another study of 162 adult HLH patients reported malignancy (60%), infections (25%) and autoimmune disorders (3%) as associated conditions with B-cell lymphoma (22%) as the most common malignancy [6] . In our series the most common malignancies associated with M-HLH were acute myeloid leukemia/myelodysplastic syndrome (21%) and T-lymphomas (16%) [5] .
Our patient had underlying T-cell cutaneous lymphoma with at least partial response to salvage therapy and a possible immunological disorder in view of his past history, with eventual progression to HLH. The familial type was not considered likely as the patient had no such symptoms till about 20 years of age although it is indeed possible that he had hypomorphic mutations predisposing to HLH. Adult (secondary) HLH has a poor prognosis, left untreated survival ranges from a few days to weeks owing to progressive organ failure with overall mortality ranging from 41%-75% [3] . Because of high morbidity and mortality of A B C this disease rapid diagnosis and treatment is necessary. Given the success of the earlier HLH-94 protocol, the HLH-2004 protocol moved cyclosporine dosing to the beginning of induction and hydrocortisone was added to methotrexate as part of the intrathecal therapy [9, 10] . In the adult HLH protocol at UTMDACC we have added alemtuzumab, a monoclonal antibody directed against CD52 (an antigen expressed on the surface of mature T-, NK-cells and macrophages) to etoposide and dexamethasone. This was based on reports indicating that alemtuzumab as a single agent can be successful as a bridge to allogeneic stem cell transplant in pediatric HLH patients who had failed frontline etoposide, cyclosporine or etoposide with anti-thymocyte globulin (ATG) based standard regimes [11] . We also added intrathecal methotrexate and hydrocortisone upfront in our patient since he had central nervous system involvement. Our patient is one of the first adults to be identified and treated on an FDA approved adult specific HLH protocol in the United States and has responded well. The protocol is open and we have enrolled few more patients at this time. We believe that a non-myelosuppressive and less immunosuppressive therapy would be a better approach to treat M-HLH adult patients who are already immunocompromised and cytopenic. In this group are novel therapies including anti-IL6 based therapies such as tocilizumab that has widely been used for post chimeric antigen receptor (CAR)-T cell cytokine release syndrome and a human anti-interferon gamma (IFN-gamma) monoclonal antibody that has shown outstanding results in primary pediatric HLH. These novel therapies may be better tolerated and improve outcomes in adult patients with M-HLH either in combination with etoposide or ATG and steroid based regimens or in patients who fail such standard regimens and should be evaluated systematically in these scenarios [12] .
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